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Basement membranes are extrace llular matrices synthes ized by a variety of cells including 
t he basa l cell s of the epiderm is; t he respiratory, gastro intestinal, and glandular ep ithelium ; 
t he capill ary endothelium ; the ep ithelial cells of t he glomerulus, the renal t ubule, and the 
lens capsul e; and the endothelium of Descemet's membrane. Basement membranes in the 
mature animal are free of lipids, DNA, and proteoglycans and are composed of dissimilar 
protein subuni ts. One of these is a procollagen- like molecule associated with a non collage-
nouS matrix glycoprote in . The proportion of the latter component vari es among basement 
membranes. These various subuni ts are stabilized by hydrogen bonds, disulfide bonds , and 
a ldehyde-derived cross-links which are so extensive that they render the basement 
m embranes highly insolu ble. 
Immunochem ical studies indicate three distinct antigenic components which correspond 
to the collagenous moiety, its nonhelica l extension, and the matrix glycoprotein. The coll agen 
component of basement membranes, free of the nonhelica l extension, is composed of three 
iden t ical a-c ha ins. It is highly rich in hyd roxylys ine, 3- and 4-hydroxyproline and contains 4 
to 8 residues of half-cystine. It conta ins 38 residues of glucosyl-ga lactosyl-hydroxylysine per 
chain and minimal amounts of mannose, glucosamine, and fucose. Newly synthesized 
basement membrane coll agen is secreted in the extracellular space as the precursor molecule 
"procollagen." T his molecule does not undergo conversion to collagen but interacts with the 
matrix glycoprotein to give rise to the ap propriate structure. 
In recent years , several investigators have re-
ported on the ultrastructural and chemical nature 
of basement membranes (for rev iew see [I)) . The 
morphologiC appearance of basement membranes 
is consisten t with that of a homogeneous, amor-
phous, extracellu lar matrix . P ractica lly every tis-
sue con ta ins t hese structures which appear to be 
associated ' with the cells wh ich secrete them. 
Basement membranes are synthesized by ectoder-
mal cells; including the basal cell of t he ep iderm is 
and the epitheli um of t he lens capsule and of t he 
cornea, by the endothelium of capillar ies and 
Descemet's membrane, which derive from mesen-
chyme, and by the pa rietal epithelium of the em-
bryonic yolk sac, which derives from endoderm (1]. 
Most chemical studies have dealt with the 
questions of number and structure of protein 
subunits, their immunologic behavior, and biosyn-
thes is [1]. It became obvious over the years t hat 
basemen t membranes possess a complex molecular 
organizat ion . Although electron m icroscop ic stud-
ies do not reveal typical collagen fibr ils, chemical 
studies have demonstrated a collagenous protein 
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rich in hydroxyproline, hydroxylysine, and gluco-
syl-ga lactose linked to hydroxylysine. A second 
sugar uni t, composed of variable amounts of galac-
tose, mannose, fucose, sialic acid, and hexosamine, 
is linked to noncollagen-like peptide chains, part of 
which constitute a continuous nonhelical region of 
the collagen molecu le proper [2 ). Another part of 
the noncollagen-like glycopeptides interacts with 
the collagen via hydrogen bonds. All these peptides 
appear to be stabili zed by two types of covalent 
bonds, disulfide bonds and carbonyl bonds, which 
arise from lysyl and hydroxylysyl residues [3- 5). 
Immunochemical studies a lso suggest t hat these 
structures possess at least three antigenic compo-
nents which are shared by both the vascular and 
nonvascu lar types of basement membranes. (For 
review see [6,7).) 
Knowledge about the biosynthesis of interstitial 
and basement membrane collagens has come from 
a series of in vitro studies. Recent reports indicate 
that newly synthesized coll agen from cultured 
mouse fibroblasts and chick embryo calvaria or 
chick tendon cells is secreted in a precursor form 
having a molecular weight be tween 115,000 and 
130,000 daltons. Th is form of collagen, wh ich has 
been designated procollagen, can be cleaved by 
peps in at low temperatures to yield a-cha ins [8 ). 
Analogous findings have been reported by Grant, 
Kefalides, and Prockop [9,10 ) who studied the 
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incorporation of 14C-labeled proline into basement 
membrane collagen by chick embryo cells from 
lens and kidney. In the lens system, the precursor 
of basement membrane collagen has a molecular 
weight of about 140,000 and can be converted into 
a molecular species of 115,000 with pepsin. 
The purpose of this article is to examine the 
recent experimental evidence on the chemical 
structure and biosynthesis of basement mem-
branes from various sources. 
Che mical Studies 
Composition. Basement membranes are gener-
ally thought to be composed of peptide and carbo-
hydrate portions. The presence of phospholipid 
and cholesterol, as well as nucleic acids and 
sulfated mucopolysaccharides, has been attributed 
mainly to contamination by cellular debris [3,11, 
12). 
The chemical compos ition of basement mem -
branes has been established in several spec ies [1] . 
Tables I and II summarize the amino acid and 
carbohydrate composition of human, canine, and 
rat basement membranes. Characteristic of their 
amino acid composition is the high content of the 
imino acids, .proline and hydroxyproline, of the 
nonpolar amino acid glycine, and the basic amino 
acid hydroxylysine . Although in most mammalian 
collagens the sum of proline plus hydroxyproline 
accounts for almost 22% ofthe amino acid residues, 
the sum of these two amino acids accounts for 14%, 
17.4%, and 17.7% for glomerular, lens capsule, and 
Descemet's membranes, respectively. Similarly, 
whereas glycine accounts for one-third of the 
amino ac id residues in interstitial collagens, it 
accounts for about one-fourth in basement mem-
branes. Since hydroxyproline and hydroxylysine 
are found almost exclusively in interstitial colla-
gen, and glycine accounts for about 33% of all the 
amino acids in the collagen molecule, one of the 
protein components in basement membranes must 
be collagenous. The heterogeneity of the molecu lar 
composition of basement membranes was sug-
gested by significant amounts of cysteine and 
tyrosine, by a low total imino acid content, and by 
the fact that in addition to glucose and galactose, 
hexosam ine, mannose, fucose, and sialic acid, 
sugars not present in soluble collagens, are found 
in basement membranes [1,3, 11). Solubility stud-
ies and analyses of the solubi lized fractions indi-
cate that basement membranes are composed of 
dissimilar protein subunits. Table III shows that 
the ratio of hydroxylysine to hexosamine varies 
according to the conditions of solubilization . Ex-
traction of glomerular basement membrane and 
Descemet's membrane with 8 M urea alone or by 
reduction and alkylation alone resulted in a lower 
hydroxylysine:hexosamine ratio than in the intact 
membrane, whereas with anterior lens capsule the 
ratio in the soluble fractions was the same as in the 
intact membrane. Reduction and alkylation, in the 
presence of 8 M urea, of all three types of mem-
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TABLE 1. Amino acid composition of basement 
membranes" 
Human ll 
Amino acid G lo- Lens 
meru lus capsu le 
Hydroxylysine 24.5 34 .5 
Lysine 26.4 19.4 
Histidine 18.7 15. 2 
Arginine 48.3 39.5 
3- Hydroxyproline 12.0 21.3 
4- Hydroxyproline 53.0 85.0 
Aspartic 70.0 57.0 
Threonine 40.3 31.0 
Serine 54 .2 43.4 
Glutamic 101.3 94.4 
Proline 64.1 67.3 
Glycine 225.2 260.0 
Alanine 58.6 40.6 
Hair-cystine 22.0 21.0 
Valine 36.0 33.2 
Methionine 7.0 5.0 
Isoleucine 28.6 32.0 
Leucine 60.3 57.7 
Tyrosine 20.5 13.0 
Phenylalanine 28.3 29.8 
" Residues/l,OOO residues 
" Keralides and Denduchis [13] 
(' Clark et al [14] 
Can ine" Rat" 
Des-
ce met"s Reichert 's 
!11 CIll· membrane 
brane 
~ 
20.0 18.9 
24.0 32.3 
11.6 18.3 
39.5 46.0 
6.8 6.6 
no 45.3 
58.0 83.0 
36.4 46.0 
42.0 64 .0 
94.0 111.0 
95.0 62. 2 
230.0 180.0 
53.0 64.0 
11.0 19.2 
45.0 44.0 
B.2 11.8 
28.5 32.0 
75.2 73.0 
21.0 17.5 
25.0 31.0 
TABU: Il. Carbohy drat e composition of basemel1t 
membrane~" 
Huma n 
Carbohydra te Clo- Lens 
merulus capsule 
Hexose 6.8 11.8 
Glucose 2.5 5.5 
Galactose 2.6 5.6 
Mannose 1. 7 0.7 
Glucosamine 1.7 0.8 
Galactosamine 0.3 0.2 
Fucose 0.7 0.6 
Sialic acid 1.5 0.5 
Hexuronic acid - -
" Gm/lOO gm 
I, Kefalides and Denduchis [13] 
C Clark et al [14] 
Cani ne" Rat'· 
--.. 
Des-
cemet's Reichert's 
m et'll-
brane 
membrane 
--.. 
8.2 7.0 
3.5 ~.2 
3.7 3.0 
2.0 1.8 
1. 2 4.6 
0.3 0.4 
0.6 0.4 
0.7 1.7 
0.05 0. 2 
branes solubilized practically the whole men), 
brane. The ratio of hydroxylysine:hexosamine il) 
the solubilized fraction remained the same as in 
the intact membrane . These data supported th~ 
hypothesis that a noncollagenous protein compo. 
nent or components are associated with the colla. 
gen component via hydrogen and disulfide bond . 
Lysyl-derived and hydroxylysyl-derived cross-link 
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TABLE III . Hydroxylysine/hexosamin e ratio in soluble 
fra ctions of canine basement m embranes 
Glo- Desce lll c' ·s 
meru lu ~ me mbran e 
Intact 1.8 1. 7 
Red uction and alkyla- 2.0 1.6 
tion in 8 M urea I 
Reduction and alkyla- 0.4 0.1 
tion without urea I 
8 M urea a lone 0.4 0.1 I 
Anterior 
lens 
ca psule 
10 
9 
9 
9 
are also present and contribute to t he total struc-
t ural organization and stabili ty of basement mem -
branes [5]. 
Nature of the structuraL components. Further 
ev idence of co ll agenous a nd noncoll agenous pro-
te in components came from iso lation of a coll age n 
after basement membranes from various tissues 
had been t reated with pronase or peps in at low 
temperatures [1,15 ]. This co ll agen met t he chem i-
cal and physical cr iteri a for coll age ns, i.e., proline 
and hydroxyproline accoun ted for 20 to 22% and 
glycine for 33% of a ll the am ino acid res idues 
(Tabs. IV , V) ; the isolated collagen molecule had 
a triple-helical configuration suggested by the 
high in trin s ic viscosity and the high negative 
specific optical rotation [15 ]. 
When t he coll agen prepared after t he basement 
membra nes had been treated with pepsin was 
denat ured a nd chromatographed on ca rboxymethyl-
cellulose, only a s in gle major component emerged, 
elu t ing in the region of a- I chains. We therefore 
concluded t hat t he basement membra ne collagen 
molecul e is composed of three iden t ica l a-cha ins 
[16] . The a mino ac id composit ion of the a-I cha ins 
isolated by carboxymethyl-cellulose chromatog-
raphy from various basement membrane collagens 
shows t hat they a re a ll characterized by unusua lly 
high a moun ts of hydroxyp roline and hydroxylys ine. 
The sum of lys ine a nd hydroxylys ine is higher tha n 
that of interstitia l co llagens, but the sum of proline 
and hyd roxyprol ine is closer to the one observed for 
interstiti a l coll agens. A s ignifi can t percentage of 
the total hydroxyproline is 3- hydroxyproline. Gly -
cine accounts for one-third of a ll t he a mino acid 
residues. Alanine , however, is low a nd corresponds 
to only 30% of t he amo un t found in interstitial 
collagen . Another unusual feature is t he presence 
of 8 residues of half-cystine . The cha ins from a ll 
three types of basement membranes contain from 
10.0 to 12 .5% hexose composed of eq uimolar 
amounts of glucose and ga lactose. About 95% of a ll 
the hexose is in the form of the disaccha ride uni t, 
glucosyl-ga lactosyl-hydroxylys ine; t he rest in t he 
fo rm of ga lactosyl-hydroxylys ine. Less than 0.2% of 
mannose and glucosamine was a lso found. 
Soluble glyco prote in fract ions which lack hy-
droxyproline, hydroxylysine, and glucose can be 
obtained from glomerul ar base men t membra ne 
a nd Descemet's membrane by extraction with 8 M 
urea at 40°C for 48 hr and then by gel fil t ration in 
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Sephadex G- 200 with 8 M urea [17,18 ]. In another 
method t he membranes are solubilized by reduc-
tion and alkylation without 8 M urea and isolated 
by gel filtrat ion on Sephadex G-200. These frac-
tions have an a mino ac id composition unlike t ha t 
of the coll agen component. Consistent with the 
absence of hydroxylysine is t he absence of glucose; 
galactose, mannose, hexosamines, fucose, and s i-
a lic ac id a re present in s ignifi cant amounts. The 
molecu lar weight of t hese fractions is greater t han 
200,000. The sequence a nd linkage of the sugars in 
TABLE TV. Amino acid composition of n-/ chains isolated 
from basem ent membrane collagens" 
Human" 
Amino ac id Glo-
merulus 
Hydroxylysine 44.6 
Lysine 10.0 
Histidine 10.4 
Arginine 33.0 
3-Hyd roxyproline 1l.0 
4-Hydroxyproline 130 .0 
Aspartic 51.0 
T hreonine 23.0 
Serine 37.0 
Glutami c 84.0 
Proline 61.0 
Glycine 310.0 
Alanine 33 .0 
Half-cystine 8.0 
Va line 29.0 
Met.hionine 10.0 
Isoleucine 30.0 
Lecuine 54.0 
Tyrosine 6.0 
Phenyla lanine 27.0 
u Residues/ 1000 residues 
b Kefalides 116 1 
S hee p' Canine' 
Anterior Des-
lens cemet's Tendon 
capsule mem-brane 
57.0 43.0 6.0 
10.0 15.2 23.0 
8.0 7.8 4.0 
27.0 30.0 45.0 
12.0 8.0 1.0 
120.0 156.0 93.0 
50.0 30.0 46.0 
20.0 18.0 18.0 
38.0 25.0 33.0 
92 .0 78.0 73.0 
67.0 90.0 130.0 
330.0 320.0 33 1.0 
32.0 32.0 122.0 
8.0 8.0 0.0 
26 .0 25.0 20.0 
10.0 9.5 7.0 
20.0 24.0 11 0.0 
43.0 52 .0 21.0 
2.0 3.0 4.0 
30.0 22 .0 13.0 
C Kefalides, unpublished data 
TABLE V. Carbohydrate compositl:on of a- I chains iso-
lated from basem ent membrane collagens" 
Hum an Sheep 
Glomerulus Anterior lens Descemet·s 
ca psul e membrane 
g m/ I OOgm 
Hexose 12.0 12.5 10.0 
Glucose 5.5 6.0 5.0 
Ga laclose , 6.0 6.3 5.2 
Mannose > 0.2 > 0.2 > 0.2 
Fucose 0 0 0 
Hexosam ine > 0.1 > 0.1 > 0. 1 
Il moles/Il mole 
a-chain 
Glc-Gal-Holy 34 34 26 
Gal-Holy 2 2 1.8 
u Kefali des [16 J 
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the polysaccharide chain of the high-molecular-
weight glycoprotein are still unknown . Our studies, 
which involved limited stepwise ac id hydrolysis, 
have shown that galactosamine is released earlier 
than glucosamine, an indication that the latter 
occupies a more terminal position in the polysac-
charide chain. 
Nonco ll agen glycoprotein fraction s of low molec-
ular weight were obta ined after prolonged diges-
t ion of the basement membranes with bacterial 
coll agenase [17 ,18 ). This procedure solubilized 72 
to 90% of the mem branes and rendered over 90% of 
the hyd roxyproline dialyza ble. Two glycoprotein 
fractions, free of hydroxyproline and hydroxyly-
sine , were obtained from glomerular basement 
membrane [18 ], lens capsule [17], and Descemet's 
membrane (6] . A low-molecular-we ight glycopro-
tein was isolated from the soluble, undialyzable 
collagenase digest by gel filtration on Sephadex 
G-200. Amino acid analysis of this fraction showed 
no hydroxyproline or hydroxylysine but sign ificant 
a mounts of half-cystine. Carbohydrate analysis 
showed significant amounts of hexose composed 
mainly of galactose, man nose, hexosamine, fucose, 
and sialic acid. 
The fraction which remains undigested after the 
basement membrane has been treated with coll a-
genase can be partially solubilized by reduction 
and a lkylation in 8 M urea and further purified on 
Sephadex G-200 [18]. On the basis of its amino 
acid and carbohydrate composition, this fraction 
conta ins a noncollagen -type glycoprotein; since it 
is exc luded on Sephadex G-200, its molecular 
weight must be 200,000 or greater. 
I mmunochemical properties . Imm un on uores-
cent studies indicate that basement membranes 
from various tissues and species possess common 
antigenic determinants . The nephrotoxicity of 
antibodies to homologous and heterologous glomer-
ular basement membrane antibodies has been 
demonstrated [6). Intersti tial nephritis has been 
induced by injecting whole homologous or heterolo-
gous tubular basement membrane [19J. The anti-
genic components in the basement membranes 
responsi ble for the pathologic reactions have been 
incomplete ly characterized. S ince all protein moie-
ti es in basement membranes are potentially immu-
nogenic, given the appropriate circumstances, t hey 
could give ri se to nephritogenic antisera . 
We have isolated and characterized immuno-
chemical ly three antigenic components from glo-
merular [18 ] and Descemet's membranes [6] as 
wel l as from anterior lens capsule [17). One of the 
antigenic com ponents corresponds to the triple-
helical portion of the procollagen-like molecule, 
t he second corresponds to the nonhelical, noncol-
lagenous extension of th is molecu le, and the third 
to the large- molecular-weight matrix glycoprotein 
(18). In tubula r basement membrane, three anti-
gen ic com ponents have also been demonstrated 
[20 ], one of which may be represented by the 
coll agen and the other two by noncoll agenous 
glycoprote ins . 
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When whole basement membrane is used for 
immunization, the antibodies produced are di-
rected against antigenic determinants which reside 
in noncollagenous peptides . Determinants on the 
collagenous moiety are masked in the whole mem-
brane and do not st imulate antibody formation to 
a perceptible degree . For this reason , failure to 
localize fluorescein -labeled human sera from vari-
ous diseases on one type of basement membrane 
and the abi lity to do so on another shou ld not be 
interpreted as ev idence that antigenic determi_ 
nants are lacking in the tissue in question. 
Structural Studies 
For the eventual determination of am ino acid 
sequences in collagen, several investigators re-
sorted to cleavage of the a-chains with cyanogen 
bromide (21 ). Cyanogen bromide, which cleaves at 
peptide bonds involving methionyl residues, pro. 
vides limi ted cleavage with a high degree of selec. 
tivity. The reaction of cyanogen bromide with 
denatured coll agen yields from 7 t.o 13 peptides, 
depending on the number of methionyl residues. 
Treatment of basement membrane collagen 
from either sheep or bovine anterior lens capsules 
with cyanogen bromide yields 12 peptides whose 
molecu lar size varies from about 500 to 20,000. 
Homologies in terms of size and amino acid com po. 
sition were observed between pep tides from the 
two species. It was not surprising to observe an 
almost uniform distribution of hydroxy lysine and 
di saccharide units along the entire length of the 
a-chain. Hydroxylysine was present in 9 of 12 
peptides, the same peptides conta ining t he disac. 
charide glucosyl-galactose. Only one peptide con. 
tained the monosacch aride galactose. T he propor. 
tion of hydroxylysine which was glycosylated var. 
ied between 54 and 100%. An exciting finding 
during these studies was the isolation of a peptide 
which contained almost all the cyste ic acid, wa 
rich in the hydroxylysine-linked disaccharide unit, 
and contained, in addition, all the mannose and 
hexosamine present in the intact a-cha in . These 
observations indicate that the non collagen poly. 
peptide chain which contains mannose and hex. 
osamine is linked to the collagen polypeptide chain 
e ith er via disulfide bonds or via a peptide bond. 
Since the coll agen component is obtained after 
pepsin treatment of the basement membrane, we 
must assume that pepsin cleaves a major portion of 
the non collagen polypeptide cha in , leav ing only a 
small portion still linked to the coll agen a-chain 
[2] . Since the coll agen in these stud ies was ob. 
tained after limi ted digestion of the basement 
membrane with pepsin , we decided to characterize 
the CNBr peptides of a-chains obtained after 
solubili zation by reduction and alkylation in 8 M 
urea . 
Fractionation of the cyanogen bromide digest 
resulted in the separation of 13 peptides which 
were purified by chromatography on Sephadex 
G-75 and Agarose A-1.5 gel columns. The resultant 
peptides were homogeneous on SDS- acrylamide 
July 1975 BASEM ENT MEM BRANES-STRUCTUHE AND BIOSYNTHESIS 89 
gel electrophoresis. The number of amino ac ids pe r 
pept ide ranged from 3 to 332 and the molecular 
weigh ts between 273 and 32,360 daltons. E leven 
pept ides conta ined 3-hydroxyproline, 13 conta ined 
4_hydroxyproline, and 12 contained hydroxylysine. 
The d egree of hydroxylation of proline ranged 
between 60 and 71 %; t hat of lysine ranged between 
56 and 91%. Glycosylation of hydroxylys ine ranged 
between 67 and 100% (Tab. VI) . T hese d ata 
indica t e a high degree of uniformi ty among these 
pept ides in terms of hydroxylation of proline and 
lysine, as well as of glycosylation of hydroxylys ine. 
T he m olecular we ight of the chain , based on the 
amino ac id content alone, is about 125,854; the 
addit ion of the carbohydrate un its brings the 
molecular weight to 140,416 daltons. One pept ide, 
with 23 amino acids (peptide 2) , contained no 
hom oserine and is thought to represen t the car-
boxy l terminal peptide. Peptide 5, which con-
tained 148 amino acid res idues, including two 
residues of half-cystine, had a molecular weight of 
14 254 dal tons and conta ined 4 res idues of gluco-
syi-galactose, 4 of mannose, 2 of glucosamine, and 
0.3 of fucose. The addi t ion of suga r brought the 
m olecular weight to 16,586 daltons. Comparison of 
the CNBr pept ides from basement membrane 
collagen (Type IV) with t hose obta ined from skin 
or bone (T ype I) and from carti lage (Type II) 
revea ls homologies in terms of pept ide size and 
number of amino acid residues per pept ide. 
An ext ension of our cyanogen bromide stud ies 
was the use of 5,5 '-di thiobis-2-nitrobenzoic ac id , 
followed by K CN at alka line pH, which resul ts in 
the cleavage of base ment membrane proteins at 
cysteine pept ide linkages [22 ]. This procedure has 
enabled us to isolate and characteri ze a unique 
region in the anterior lens capsules consisting of a 
number of polypeptide cha ins derived from colla-
gen and noncollagen components joined to one 
another t hrough covalent, nondisul fide cross-link-
ages . Cyste ine res idues of basement mem brane 
collagen are located near the amino terminal 
region of the a-c ha in . 
The presence of a cross-linkage region in base -
ment membranes has severa l implicat ions . Be-
cause of its amino acid compos it ion, it appears to 
be composed of both collagen-derived and noncol-
lagen -deri ved pept ides . If t hese peptides are de -
ri ved from t he am ino terminal region of the base-
me nt membrane collagen, t he coll agen in base-
ment membranes may be a procollagen . Alterna-
t ive ly, t his may ind icate cross- linking between 
collagen and noncoll agen molecules which would 
expl ain why the non collagenous proteins cannot be 
isolated from anter ior lens capsules wit hout resort-
ing to proteolysis. 
In support of t he former view is the electron 
microscopic observation of Olsen, Alper, and K efa-
!ides [23 ] t hat a cit rate-soluble fraction of lens 
capsule base ment membrane has two morphologi-
cally d istinct components: one represented by t hin 
strands measuring 2 to 3 nm in d iameter, t he other 
by globular uni ts measuring 5 to 20 nm in di ame-
ter. Pepsin t reatment destroyed the globul ar com-
ponent and left t he fil aments intact. T he amino 
acid composition of the peps in-treated extract was 
simila r to t hat of base ment membrane coll agen. 
Treatment wi th bacteri al collagenase destroyed 
t he fil amentous components and left the globular 
components in tact. These data indicate that the 
fil amentous structure was collagenous whereas t he 
globular component was not. Reduction of disul-
fide bonds resul ted in an apparent dissoc iation of 
the globular uni t from the fila mentous component. 
TABL E VI. Properties of cyanogen brom ide pep tides of anterior lens capsule collagen" 
Peptide number 
1 2 3 4 5 6 7 8 9 10 11 12 13 
% H ydroxy- 0 10 66 57 62 60 71 64 62 65 65 66 69 
lation of 
prolin e 
% H yd roxy- a 6 56 71 100 75 88 88 81 91 89 88 89 
lation of 
lysine 
% Glycosy- - - 100 100 81 100 67 100 67 67 86 100 100 
lation of 
HO -lysine 
Mannose 4 
(res/ pept.) , 
Glucosamine 2 
(res/pept .) 
Fucose 0.3 
(res/pept . ) 
Mol. wts." 273 2,560 2,11 2 3,967 14,254 2,585 6,399 4,521 7,023 7,536 16,735 23, 906 32,360 
o Soluble in 0. 1 M acet ic ac id. 
• Molecula r weight of chain from peptide conten t a lone 125,854, wi th carbohydrate 140,416. 
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Thus, in anterior lens capsule, collagen molecules 
may ex ist in the procollagen state, i.e., with t he 
nonhelical extens ion sti ll present. 
Biosynthesis 
Studies on the metabolism of the protein and 
carbohyd rate components of basement membranes 
are few. The ep it helial cell is genera lly considered 
to be largely responsible for the biosynthesis of 
glomerular basement membrane and for basement 
membranes associated with the lens capsule, the 
respiratory, glandular, and in testi nal epithelium. 
Descemet's membrane is synthes ized by endo-
theli al cells [2,6,9,10 ]. 
The biosynthesis of basement membranes has 
been investigated in severa l systems including 
ch ick lens capsule and in ce lls from the same 
capsule [9 ,10,24], rat embryo parietal yolk sac [14] , 
and glomeruli [25 ]. These studies have shown that 
ce lls which synthes ize basement membranes pro-
duce a collagenous prote in with a 3- to 4-hydroxy-
proline rat io similar to that in the basement 
membranes of lens capsule and glomerulus [1] . 
Furthermore, the percent hydroxylation of lysine 
and t he ratio of glucosyl-galactose to galactose 
units resembled the one reported for basement 
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membranes [9,10]. Chromatographic studies have 
shown that the newly synthesized basement mem-
brane collagen had a molecular weight around 
150,000 ± 10,000. Treatment with pepsin at 4°C 
converted this form to a species with a molecular 
weight around 120,000 ± 5,000. Thus the larger 
chai n may be a precursor form or the pro a-cha in of 
basement membrane coll agen. 
The basement membrane ["C ]collagen secreted 
into the medium by matrix-free ce lls was largely 
res istant to pepsin at 15°C, an indication that it 
may have been in a triple-helical conformation. In 
contrast, ["C ]collagen in the lens cells themselves 
was largely digested by pepsin at 15°C and there. 
fore was probably in a random coil form. Gel 
filtration in sodium dodecyl sulfate showed that 
when reduction with mercaptoethanol was omitted 
before chromatography, the "C-polypeptides of the 
collagen in t he medium were recovered in aggre. 
gates greater than 140,000 da ltons. With cell frac . 
tions, practically all the ["C ]collage n polypeptides 
eluted with molecula r weights of 140,000 whether 
or not reduction with mercaptoethanol was carriec\ 
out. These observat ions are consistent with the 
possibility that the formation of disulfide bond 
among the polypeptide chains is of considerable 
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importance in promoting the formation of the 
triple-helix [24] . 
Similar results were obtained in our laboratory 
by Dr. C. C. Clark, who used the rat embryo 
parietal yolk sac system [14]. Analysis of ["C ]pro-
line incorporation and hydroxy [I4C ]proline synthe-
sis in vitro showed that basement membrane 
collagen synthes is in the parietal yolk sac was 
maximal around the 14th day of gestation. At t his 
time, basement membrane coll agen represented 6 
to 8% of the newly synthes ized protein. T he coll a-
gen synthesized in this system was characteristic of 
basement membrane coll agen in that about 11 % of 
the total hydroxy [I4C ]proline was present as the 
3-isomer. In addition , after in cubation with 
[I<C ]lysine, 83 to 94% of the hydroxy ["C ]lysine 
was glycosylated, t he predominant form being 
glucosylgalactosy lhydroxy ["C ]lysine . 
When the parietal endoderm and trophoblast 
were incubated separately with ["C ]proline, the 
former was thought to be solely responsible for the 
synthesis of basement membrane collagen s ince 
practically all of the 4-hydroxy ["C ]proline was 
associated with this cell type. Similar experiments 
with [3H ]glucosamine a lso served to loca lize the 
synth esis of basement membrane glycoprotein(s) 
to the parieta l endoderm [1 4 ]. 
As with the resu lts reported for basement mem-
brane coll agen secretion in embryonic chick lens 
cells, there appeared to be about a 60-m in delay 
between the incorporation of f"C Jproline in to 
protein and the amount of collagen secreted and 
a·1 Collagen Molecule in a .1 
basement Membrane a.1 
G 
G 
I 
t;i 
2 
, G 5 G $ x 
~ 
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x 
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If 
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measured by the appearance of 4-hydroxy [I'C )pro-
line in the culture medium. Experiments which 
used [3H]glucosamine to monitor glycoprotein syn-
thesis did not show a delay between the incorpora-
tion of PH )glucosamine and the secretion of nondi-
a lyzab le 3H into the medium. 
The evidence for an in vivo conversion of base_-
ment membrane procollagen to collagen is contro-
versial [9]. More recent studies indicate that un-
like interstitial procollagens, basement membrane 
procollagen does not undergo conversion to a 
smaller molecular species [14). From ultrastruc-
tural studies of a sodium citrate soluble fraction 
obtained from lens capsule [23], the collagenous 
component in basement membranes appears to 
exist in the " procollagen·like" form. These obser-
vations are reminiscent of the types of molecules 
reported by Lenaers et al in dermatosparactic 
collagen [26]. 
Various studies seem to indicate that the intra -
cellular events in the biosynthesis of basement 
membrane collagen follow a pathway almost identi-
cal to that for the biosynthesis of interstitial colla-
gens. These pathways are characterized by several 
steps and include the hydroxylation of appropriate 
proline and lysine residues, the release of the 
chains, the formation of disulfide bridges at the 
nonhe li cal extension, the glycosylation of specific 
hydroxylysine and asparagine residues, and triple-
helix formation and secretion into the extracellular 
space (Fig. 1). In systems which synthesize base-
ment membranes, noncollagen glycoprotein moie-
x 
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2 
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G = Large mal. wt. glycoprotein C = Collagen molecule 
QQXc Polysaccharide chain E = Exlensions of low mol. wI. glycoprotein 
Flc. 2. Schematic diagram of an organizational subuni t in basement membrane. The procollagen-like molecule (G) 
is composed of three identical a-chains. Intramolecular as well as intermolecular disulfide bonds (S-S) at the 
non helical extension stabilize the procollagen-like molecules. Lysyl-derived intermolecular cross-links (sol.id lines) 
further stabilize the above molecules. Hydrogen bonds are involved in the interaction between procollagen-like 
molecules (G) , between matri?' glycoprotein molecules (G), as well as between these two types of molecules. Matrix 
glycoprotein molecules (G) are further stabilized by disulfide bonds. (Modified after Kefalides [1 J). 
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ties are also synthesized (Fig. 1) and secreted by 
t he cell . T he collagen and nonco ll agen components 
in teract extracellularly to form the des ired struc-
t ural a rrangement required fo r each t issue (Fig. 2). 
In disease states, morphologic and fun ctiona l 
alterations may resul t from (a) interference wi th 
the int race llular steps leading to the biosynthesis 
and secretion of the two protein components 
and/or the extrace llular assembly of these compo-
nents, and (b) d irect damage to the exist ing 
basemen t membrane structu re . The mechanisms 
which operate to bring about t hese changes may be 
genetic , in fectio us, immunologic, and metabolic . 
Genetic factors may in terfere with the in trace ll ular 
events shown in Figure 1 and may occur at t he 
transcriptional level (1), at t he translational level 
(2) and (9), and at any of the post-translat iona l 
levels (3) through (13) . The post-translational 
steps involve the hydroxyl ation of ap propri ate 
prolyl and lysyl residues, the release of the pept ide 
cha ins and t heir asse mbl y, the formation of disul -
fid e bonds, the glycosylation of appropri ate hy-
droxylysyl res idues in the tripl e- helical port ion of 
procoll agen and of asparagine residues in the 
nonhelical extensions of procollagen, and of the 
matrix glycoprotein (Fig. 1). Secretion of the com-
pleted molec ul es may involve severa l vulnera ble 
steps . Figure 2 shows one of the many ways that 
the two prote in moiet ies may asse mble extracellu -
larl y. T he extracellular assembly aga in may be in-
fluenced by genetic defects in the primary and 
secondary structure of t he procoll agen and matrix 
glycoprote ins. An infectious process-bac terial, 
fun gal, or vira l- may also affect the extracellular 
organization of basement membranes either by 
interfering with the in t racellular biosynthetic 
process or by da magin g the ex isting structure of 
the basement membrane. Direct da mage to ex ist-
ing basement membrane or the synthes is of de-
fective molecul es may resul t in the solubili za-
t ion of basement membrane componen ts whi ch in 
t um may lead to an auto immune ty pe of reaction. 
Fina lly, damage to the base ment membrane proper 
may come about as a resul t of an inl1ammatory re-
action from the t rapping of antigen- ant ibody com-
plexes where the ant igen could be of rena l or ex-
trarena l origin . 
Fu ture efforts at understanding t he pathogenes is 
of base ment membrane invo lvement in disease 
should be devoted to devising experiments and 
disease models which will help us to understand 
the mechanisms that control t he synthes is, extra-
ce llul ar asse mbl y, and solubilization of base ment 
membranes. 
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